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REPORT BRIEF ' 

S E m D  NICKEL CAJMIUM BATT.ERY PROGRAM 

CELLS DESIGNED FOR USE IN SPACECRAFT 

Ref t (a) National Aeronautics and Space Administration FurChaae ijrGer 
Number 528 

(b) NASA lt=/VB&/pad of 25 September 1961 w/BUWEPS first end 
FQ-1:WSK of 2 October 1961 to CO NAD Crane 

(c) Preliminary Work Statement for Battery Evaluation Program of 
25 August 1961 

( d )  National Aeronautics and Space Administration Preliminary 
Specification "Environmentai, Zxposures =it Tests t'sr 
Subassemblies of Internationsl Ionosphere Satellite S-51" 
of 7 February 1961 

( e ) MILE- 5q2C ( ASG) Amendment 1 

I. TEST ASSIGNMENT BRIEF. 

A, In compliance with references (a) .and (b), evaluation of Sealed 
Nickel Cadmium Cells was begun according to the program outline of 
reference (c). 
t ions. 

References (d) and (e) are Environmental Test Specifica- 

B. 
information concerning sealed nickel cadmium cells designed for use in 
spacecraft. Information concerning the performance characteristics and 
limitations, including cycle life under various electrical and environ- 
mental conditions, will be of interest to power system'designers and 
users. 
w i i i  ts of iiiterest tc? sij9pliers as a guide to,product improvement. 

The object of this evaluation program is to gather specific 

Cell weaknesses, including causes of failure of present designs, 

C. A total of ll00 cells was purchased by National Aeronautics and 
.Space Administration (NASA) from four manufacturers, and consist of 
seven sample classifications ranging from 3 to 20 ampere hours. 

D. The program is divlded into three main sections consisting of 
Acceptance Tests, General Performance Tests and Cycle Life Tests. 

This report is the fifth of a series of seven of the General 
Performance Test Section, It gives the results of the chazacterizatibn 
tests of five 20.0 ampere hour size cells supplied by Gould-National 
Batteries, Inc., St. Paul, Minnesota. The cells are rated at 20.0 , 

ampere hours by the manufacturer. 
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11. SUMMARY OF F3SULTS. 

A .  Thh c e l l c  were cerphle of withstanding the  Vibration, 14'es'han~cal 
Shock and Acceleration requirements. 

B. Temperatures below'and abo.ve 25" C. imposed the  primary l imitat ions 
on the  charge acceptance and the  discharge capacity of the ce l l s .  

1. A t  25" C. the  on charge voltage reached the m a x i m u m  iiuit cf 
1.50 vol t s /ce l l  a t  the c/10 charge rate on only one c e l l  at  approximately 
82 2ercent of the  charging Deriod and then dropped below the  l imi t  at 
about 92 percent of the charging period. 
of the  f ive  c e l l s  reached the  maximum l i m i t  a t  about 70 percent of charge 
on some of the recharges, whereas, the remaining three ce l l s  reached t h e  
l imiting voltage at  about 85 percent of charge on some of the recharges. 
A comparison of the discharge capacities, &sri i;recec?ed by charges at 
the  c/10 or  c/5 rates, show tha t  t h e  discharge capacity a t  the  c/5 rate 
showed very l i t t l e  difference when previously charged at  the  c/10 or c/5 
rates. However, at the c/2 rate, the  discharge capacity was about seven 
percent higher when preceded by the lower rate of charge at c/10. 

1.50 vol t s /ce l l  at about 50 t o  60 percent of the charging period on about 
50 percent of the recharges at the  c/10 and c/5 charging rates .  
discharge capacit ies measured a t  the c/5 rate, whenspreceded by a charge 
at the  c/5 r a t e ,  averaged 12 percent below the l i k e  capacit ies measured 
at 25" C. Similarly, when preceded by a chaxge at  t h e  c/10 r a t e ,  the 
capacit ies averaged 20 percent below the i r  25" C. capacities. 
charge capacit ies measured at the c/2 rate, when preceded by a charge 
at  the c/5 rate averaged 1 5  percent below the l i k e  capacit ies measured 
a t  25" C. 
capacit ies averaged 20 percent below the i r  25" C. capacities. 

l i m i t  of 1.50 volts /cel l .  The charge r a t e  i n  conbination with dischzge  
r a t e s  appeared t o  have an additional or secondary influence on the dis-  
charge capacity of the c e l l s .  
t he  c/5 rate averaged 22 percent less when previously charged at  the c/5 
r a t e  than when previously charged at the c/10 rate .  Likewise, the  capac- 
i t ies of the ce l l s  measured at the c/2 rate averaged 17 percent l e s s  when 
previously charged at the  c/5 r a t e  than when prevlously charged at the 
c/10 rate. The capacit ies of  ce l l s  at c/5, when previously charged at 
the  c/5 rate, averaged 43.1 percent of the  capacit ies at 25" C., whereas, 
the capaci t ies  when previously charged at  c/10 averaged 49.1 percent of 
those measured at 25" C. 

charge at a rate of c/10 or higher a8 the  maximum on charge voltage l i m i t  
of 1.55 volte/cell  ma reached premeturrly. IntKertlonn are tbrt at 25' 0. 

However, at the  c/5 r a t e ,  two  

A 

2. A t  0' C. the  on charge voltage reached the maximum l i m i t  of 

The 

The U s - ,  

Likewise, when preceded by a charge at the c/10 r a t e ,  the  

3 .  At. 50" C. the on charge voltage never reached the  m a x i m u m  

The capacities of the c e l l s  measured at 

C. The ce l la  a t  0' C. were incapable of accepting a continuous over-, 

il 
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and 50" C. the cell; a re  capable of withstanding overcharges as high as 
the c/4 rate without excessive temperature r ise  although one c e l l  reached 
the voltage l i m i t  at. t h e  c/8 ra te .  One of the c e l l s  at  50" C., was over- 
charged successfully a t  the  c / l  ra te ,  The overcwrge sequence began with 
the c/10 rate and was increased by steps t o  the c / l  ra te ,  a f t e r  s t ab i l i -  

whether the  c e l l s  could have been overcharged at the  c/4 r a t e  when applied 
kit:-J- ts 8 f i g y  charzed c e l l  without reaching the maximum voltage 
l i m i t  of 1.55 vo l t s  per c e l l  before voltage s tabi l izat ion.  

. 

I I 

zation of voltage at each preceding charge ra te .  It i s  questionable I 

I 
I 

D. C b g i n g  efficiency was limited by temperature. I 
1. A t  0" C: t he  voltage l i m i t  of 1.50 vol t s /ce l l  was reached at 

each charge rate at approximately the  "knee" of the  curve with the excep- 
t i o n  of t he  two  c e l l s  at the  c / l  rate which l imited before the "knee" was 
reached. The maximum capacity or di. ce i i s  att all sh&-ghg re.tes ranged 
from 83 t o  98 percent of t h e i r  actual  capacities of t h e  acceptance tests 
a t  25" C. 

with the  exception of c/24. 
on charge voltage l i m i t  was reached when the c e l l s  had received from 100 
t o  120 percent of t h e i r  ra ted capacity recharge. 
c e l l  l imited at 70 percent of the rated capacity recharge. A t  the  c/24, 
~ / 1 6 ,  c/10 and c/5 charging rates ,  t h e  maximum discharge capacity was 
reached a t  approximately 1 2 5  t o  150 perceht of the rated capacity recharge. 
When preceded by a c / l  charge rate, the maximum capacity was reached at 
approximately 400 percent of the ra ted  capacity recharge. The maximum 
capacit ies of t he  c e l l s  following all charging r a t e s  varies from 83 t o  
89 percent of the  acceptance t e s t  capacities. 

2. A t  25" C. the  voltage l i m i t  was reached on all charging rates 
A t  the ~ /16 ,  c/10 and c/5 rates, the maxbum 

A t  t he  c / l  ra te ,  the 

3. 

' c q a c i t y  rerr_hzrge= 

A t  50" C, t h e  voltage l i m i t  of 1.50 vol t s /ce l l  was reached 
only a t  the  c / l  r a t e  where it limited at  40 t o  50 percent of the rated 

at the  c/24, ~ / 1 6 ~  c/10 and c/5 charge r a t e s  allowed a maximum dischmge 
capacity, i n  terms of acceptance t e s t  capacities, of only 40 percent 
following t h e  ~ / 1 6  charging rate ,  t o  58 percent following the c/5 charging 
rate .  The maximum capacit ies of the ce l l s  charged at the c / l  ra te ,  with 
200 percent ra ted  capacity overcharge, was 60 t o  72 percent of the accep- 
tance tes t  capacities. 

The inefficiency of the charge acceptance at 50" C .  

. ,  

iii 
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RESULTS OF GENERAL PERFORMANCZ TESTS 

OF - 
20.0 AMPER3 HOUR SEAL;ED NICbL CAI%VZNM CEXLS 

MANUFACTURED BY 

GOUI&NATIONAL BATTERIES, INC. 

I. INTRODUCTION. , 

A. 
on f ive  ce l l s ,  following completion of the acceptance t e s t s  of the 200 
cells. 

On 10 Ju ly  1963, t h i s  ac t iv i ty  began the General Performance Tests 

The g e x r a l  performance tests were completed on 15 Xovember 1963. 

B. The ffLve ce l l s  chosen for  the  general performance t e s t s  consisted 
.of two with actual  capacities above the average of the  200 accepted ce l l s ,  
one with capacity approximately equal t o  the average, and two w i t h  capac- 
i t i e s  below the average. 

11. TEST CONDITIONS. 
, 

A. The general performance or  characterization t e s t s  were performed 

The tests and t e s t  temperatures were as follows: 
at exis t ing re la t ive  humidity and atmospheric pressure and a t  three 
specif ic  temperatures, 

' 8  

1. 

2. 

3.  

Vibration Test a t  room ambient temperature. 

Mechanical Shock Test at room ambient temperature, 

Acceleration Test a t  room ambient temperature. 

4. C-harge and 2ischmge ?sltage YXSUS Time a% 0" C., 25" C., 
' 

and 50" c. 

5. 

6. 

Overcharge Characterist ics at 0" C., 25" C., md 50" C. 

Charging Efficiency at 0" C., 25" C., and 50" C. 

~ 

I 

B. All charging was by modified constant current with a Vbltage l i m i t .  I 
AU discharges were constant current. 

111. CELL IllENTIFICATION AND UESCRIFTION. 
i 

I 
A. The f ive  c e l l s  used fo r  these tests were picked from the 200 c e l l s  

The capacity of cells 13  and rl was above i n  t h e  acceptance tes t  section. 
the average of the  200 cel ls ,  c e l l  72 approximated the ayerage capacity 
and cells 74 and 77 were below the  average capacitx. 

1 
* .  
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B. The 20.0 a p e r e  hour ce l l s ,  as  received, were rectangular i n  
shape with an average height (base t o  top of posit ive terminal), length 
and width of 7.95, 0.97 and 3.05 inches respectively. 
I ~ G  1045.0 grams. 
01' being sealed as specified, were returned t o  the  manufacturer t o  be 
sealed a f t e r  completion of the acceptance t e s t s .  
t he  ce l l s  by encasing each individual c e l l  i n  a mold of epoxy resin.  

now 8.10, 1.49 and 3.56 inches respectively. 
grams. 

The average weight 
The ce l l s ,  equipped with pressure r e l i e f  valves instead 

The manufacturer sealed ' 
The 

average helgn-c (oasa r .  io tap sf ~ ; c ; s i t i ~ e  tnnn5~al)~ length and width is  
The average weight i s  1423 

C. 
l e s s  s tee l .  
and protrude as 1/4 - 28 threaded posts. 

p. TEST PROCEDURES AND RESULTS. 

The c e l l  container or can, and the c e l l  cover a re  made of stain- 
Both terminals are insulated f romthe  can by a nylon sea l  

A. Sinusoidal Vibration Test. 

1. Each ce l l ,  f i l l y  charged, was individually mounted i n  a r i g i d  
tes t  fixture attached t o  the t ab le  of a M. B. Electronics Model C-10 
vibrator. 
fixture near the mounting points. 

The amplitude or acceleration w a s  monitored on the t e s t  

2. Each c e l l  i n  turn,  w a s  then subjected t o  the sinusoidal 
vibration t e s t  conditions given in paragraph 3.2.4.1.2.1 of reference 
(a ) ,  which s ta ted  that the  applied frequency shall be swept from the  
lowest t o  the  highest frequency, once for  each range and for each axis 
specified i n  the following schedule. 

. 

SINUSOIDAL SWEEP SCREDULE 

Frequency Test Time Acceleration 
E .  0 - t o  - P* M-l m+eq 

/Lad..&"." -- Range - q j b  

io - 50 1.66 2.3 (a) 

50 - 500 1.66 ,io .7 

500 - 2000 1-00 21.0 

2000 - 3000 0.30 54.0 * 

3000 - 4500 0.36 21.0 (b) 

5.00  in. 
b Each Axis 

a) Within maximum amplitude l i m i t  of vibration exciter.  
b) Within maximum frequency l imi t  of vibrat ion exciter.  

2 
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3. During the applied vibration, the  c e l l s  were discharged at  a 
r a t e  of c/5 amperes, 
monitored for  evidence of c e l l  malf'unction during applied vibration. 
After the vibration t e s t ,  the c e l l s  were v i s u a l l y  examined for  evidence 
of mechanical damage and checked by litmus paper f o r  e lectrolyte  leakage. 

The discharge current and terminal voltage were 

B. Random Motion Vibration. 

1. Following the sinusoidal vibration, each c e l l  was subjected 
t o  gaussiaa random vibration applied t o  each axis  with the "g-peaks" 
clipped at three times the  root-mean-s&..e acce.leration specified in 
the schedule. 
and Y-Y axes. 
was equalized with peak-notch f i l t e r i z a t i o n  such that the specified power 
spectrai  density (B2)  -.-=~JP-R were within f 3 dh throughout the frequency 
band. 

The vibration was applied successively t o  the GZ, X-X, 
With the c e l l  instal led,  the  control accelerometer response 

RANDOM VIBFiATIOIV SCHEDULE 

Frequency ,Test PSD Approximat e 
Range Duration Level Acceleration . 

cps Minutes #/CpS g-Zllls 

I 4 Each 0.07 11.5 (4 '20 - 2000 
k i p  

NOTE: (a) Within amplitude Limit of vibration exciter. 

There were no failures o f t h e  f ive  c e l l s  subjected t o  the  2. 
vibration t e s t s .  6 

C.' Mechanfcal Shock Test. 

1. Each c e l i  was cfiarged a-t, c/X? r ~ t e  f o r  I6 hours following t he  
vibrat ion t e s t  . 

2. Each f'ully charged c e l l  was mounted i n  a r ig id  t e s t  fixture. 
The f ix tu re  and t h e ' c e l l s  were mounted on the Barry Ty-pe 16805 Shock 
Machine. Each c e l l  w a s  subjected t o  18 impact shocks as outlined i n  
Procedure V, paragraph 4.15.5.1 of Specification MILE-52726(ASG), 
reference (e), except t h a t  40 G ( fo r  11 5 1 milliseconds) was used in  
l i e u  of 1 5  G. 
three mutually perpendicular axes of the ce l l s .  

Three shocks were applied i n  each direction of each of t he  

3.  During t he  shook test, the c e l l s  were discharged at 8 rate 
Of c/5 amperes. 
at the  moment of impact for evidence of malfunction of any c e l l s .  

The discharge current and terminal voltage were aonitored 

, .  

3 ' .  
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f 4. A t  the conclusion of the t e s t ,  the c e l l s  were examined for  
mechanical damage and checked with l i t m u s  paper fo r  e lectrolyte  leakage. 

mechanical shock t e s t s .  
5. There were no f d l u r e s  of the f ive  c e l l s  subjected t o  the 

D. Acceleration Test. 

1. Each cell was charged at c/10 rate for  16 hours following the 
mechanical shock t e s t .  

2. Each f i l l y  charged c e l l  was mounted i n  a r ig id  fixture ' 

attached t o  the Genisco Model C - 1 5 9  Centrifuge. 
subjected t o  the acceleration t e s t  conditions specified i n  paragraph 
3.2.5.1.2 of reference (a). 

The c e l l  w a s  then 

Accelerations were i n  the order l i s t e d  below: 

Axis Acceleration Duration 
Direct ion Gravity Units ( G )  Minutes 

+Z 28.0 . ' 5.0 

+Y +x 4.0 3 -0 

-X 12.0 0.5 

3 .  During the 'acceleration t e s t s ,  the  ce l l s  were discharged at . 
. .  

a r a t e  of c/5 amperes. The discharge current and terminal voltage were 
monitored f o r  evidence of c e l l  malf'unction during the acceleration test 
periods . 

4. A t  the  conclusion of the t e s t s ,  the  c e l l s  were examined f o r  
mechanical damage and checked with l i t m u s  paper for  e lectrolyte  leakage. 

5 -  
acceleration t e s t s .  

There w e r e  no fa i lures  of the fLve c e l l s  subjected t o  the  

E. Charge and Discharge Voltage Versus Time. 

1. 
posi t ive tennj.miL, were piaced i n  a temlperature chamber y d  allowed t o  
s tabi l ize  at 0" C. 

2 .  

The f ive  cel ls ,  each with a thermocouple attached t o  the  

The f ive  'cel ls  were subjected to  the charge and discharge 
sequence l i s t e d  below: 

, .  . 
I .  

4 
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No'. of Charge 
Charge Discharge Cycles Temperature Data Voltage 

c/10 - c/5 t o  Cell* Limited t o  
16 H ~ S  0.9 vol t s  m 0" c. Voltage Time Temp. 1.5 V/Cell 

c/10 - c/2 t o  Cell* Limited t o  
Go c ,  ~ c l t = g e  ? h e  ~ e q ,  I - 5  V,/Cen 

4 5  - c/5 t o  Cell* Limited. t o  
8 IIrs 0.9 Valts w 9" c. Vol-bage Time Temp. 1.5 V/Cell 

c/5 - c/2 t o  Cell* Limited t o  
8 Hrs 0.9 Vol ts  w 0" c. Voltage Time Temp. 1.5 V / C e l l  

16 y-~-~  n n Yr-iA- 
v.7 V U I U P  ,-, 

* Cell  temperature measured by thermocouple. 

wt Each c e l l  was subjected t o  two or more chazge-discharge cycles, uhtil 
repeatabi l i ty  of data was satisfactory.  

3.  

4. 

Upon completion of the above sequence, the tests were repeated 

The r e su l t s  a re  shown graphically with c e l l  charge and discharge 

Figure 21 i s  a graphic summary 

for  25" C. and 50" C. ambient temperature conditions. 

voltages versus time as a f'unction of ra te  of charge, r a t e  of discharge and 
ambient temperature on Figures 1 through 20. 
of the  data of Figures 1 through 20. 

F. 

5. 

Overcharge Characteristics. 

There were no c e l l  fa i lures  during any portion of these t e s t s .  

b. Charge at c/10 u n t i l  the c e l l  voltage s tabi l izes .  

c. 

d. 

e, 

f. 

'g. 

Charge at c/8 u n t i l  the c e l l  voltage s tabi l izes .  

Charge a t  c/6 u n t i l  the c e l l  voltage s tabi l izes .  

Charge at c/4 u n t i l  the cell voltage s tab i l izes .  

Charge at c/2 u n t i l  the cell voltage s tabi l iz6s .  

Charge at c/1 until  the cel l  voltage stabi l izes .  
I . 

5 

9 
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2 .  Upon completion of the above sequence, the t e s t s  were repeated 
fo r  25" C, and 50" C. ambient temperature conditions. 

the  c e l l  temperature l i m i t  w&8 77" C. 
the t e s t  at  that temperature, 

3 .  On all tests, the voltage l i m i t  was 1.55 volts  per c e l l  and 
Exceeding e i the r  l i m i t  terminated 

h.  Tzble I crh~~n the  cell temperature as cornpiwed t o  the ambient 
temperature at the  voltage s tab i l iza t ion  point of each charging rate .  
Where "voltage limited" is noted, t h e  ce l l  voltages increased t o  the l i m i t -  
ing value of 1.55 v o l t s  at the c/10 charging r a t e  without reaching a 
s tab i l iza t ion  point , 

5. The r e su l t s  are shown graphically on Figure 22 as a plot  of 
the c e l l  voltage versus the log of the  charging current, 

6, Although the 0" C, sequence was terminated by the 1.55 vol t s  
per c e l l  l i m i t  at the c/10 ra te ,  there were no c e l l  failures on any 
portion of these tests. 

G. Charging Efficiency, 

1. A t  t h e  completion of the overcharge character is t ics  sequence, 
the c e l l s  were discharged at the c/2 ra te  t o  1.0 volt  per cell. 

2. The f ive c e l l s  were then divided in to  three groups as follows: 

a. One group of t w o  c e l l s  (one above average and one below . 

One group'of one 'cel l  (average c e l l )  t o  be t e s t ed  at 

average) t o  be tested at 0" C. f 2" C. 

b. 
250 c. * 2" c, 

c -  One goup  of t w o  c e l l s  (one above average and one below 
average) t o  be tes ted  at 50" C. * 2" C. 

A t  each temperature, the charging eff ic iencies  of each of the 
f ive charging ra tes ,  C / l o J  c/&, c/16, c/5 and c/ l ,  were determined by a 
se r i e s  of charges at each given r a t e  a t  designated increasedtime periods 
followed by discharges t o  1.0 vol t  per c e l l  u n t i l  the charge ampere hours 
versus the discharge ampere hours indicated the "luiee" had been reached and 
ver i f ied  as shown in Figures 23 through 2'7. The duration of the init ial  
charge at each r a t e  was one-half of the number of hours required f o r  100 
percent charge. 

3 .  

, '  

4, A normalizing cycle consisting; of aec/S charge for 8 hours and 
a c/2 dischazge t o  1.0 volt &a given all cells after each set of charge 
r a t e  t e s t s  before proceeding t o  the next series. 

6 



QE/c 64-4 

5. A sample run for the c/10 charging rate was as follows: 

a. Recharged at c/10 for 5 hours. 
Discharged at c/2 to 1.0 volt. ' 

b. Recharged at c/10 for 6 hours. 
Discharged at c/2 to 1.0 volt. 

Recharged at c/lO for 7 hours. 
Discharged at c/2 to 1.0 volt. 

c. 

d. Recharged at c/10 for "X" hours. 
Discharged at c/2 to 1.0 volt. 

XWX! X = number of hours necessary to indicate that the 
"Knee" of the Charge Ampere Hours versus Discharge Ampere Hours has been 
reached. 

, 
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APPENDIX 

I. 
teemperatures at the stabilizing point of each charging rate. 

11. FIGURES. 

Table I shows the cell temperatures as compkred to the ambient 

A. Figures 1 through 20 m e  graphs showing charge and discharge 
voltages versus time as a f'unction of rate of charge, rate of discharge 
shd ambient temperature. 

' 

20 * 
B. Figure 21 is a graphic summary of the data of Figyes 1 through 

C. 

D. 

Figure 22 is a &ash showing overchazge characteristics. 

Figures 23 through 27 are graphs showing the charging efficiencies 
as a plot of charging ampere hours versus discharging ampere hours. 

8 
. I  



13 0" c. 
27 0" c. 
72 ' 0" c. 
79 0" ' c. 
vv 1 1  9" Cs 

13 25" C. 

27 25" c. 
72 25" c. 
79 250 c. 
77 25" c. 

13 50" c. 
27 50" c. 
72 50" C. 

79 50" C. 

77 50" c. 

Cell Ambient 
Number Temperature 

w/c 64-4 
TABLE I 

Stabilizing Temperature ( " C. ) 
c/10 4 8  c/6 c/2 c/l ' 

30.6 

32.8 

33 -3 

33.9 

32.2 

55.0 

56.1 

56.1 

56-7 

56.1 

28.3 

30.6 

31.1 

31.1 

29.4 

55.6 

57.2 

58.3 

59.8 

57 -2 

I 

9 

27.8 31.1 56.1 76.7 
VOLWE LIMITED - - - - _ -  

60.6 

61.i 

61.7 

60.0 

66.7 

66.7 

a . 3  

65.6 

I 

32.8 36.7 

33.9 39.4 

32.2 37 -8 

57 -2 60.6 

66.1 78 -9 

69.4 76.7 

62.8 76-7 

68.9 73.3 

75.0 81.1 

75.6 80.0 
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GWLD 2oA-//. CEiL No. 74 N A D  CRANf C A M l T Y 2 Z . 2  A M  

C H A W  CURRENT 2DA. ( ' , IO) ,  UCYTAGE UMITED 70 AS0 V. M R  CELL 
&SCUARGF CURRENT 40 A. (c/5 1, CUTOFF VOLTACf 0.3 V. - 

FIGURE1 
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